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Summary 


To  provide  a  representative  sample  of  fine  motor  psychomotor  skills 
emphasizing  precision,  steadiness,  and  equilibrium,  a  battery  of  cloven 
laboratory  instruments  was  devisod,  all  having  automatic  scoring  on  elec¬ 
tric  counters.  Those  tests  provided  a  total  of  twenty-six  measurements 
analysing  such  factors  as  the  offoct  of  standing  or  sitting  posturo;  sense 
modalities  or  vision,  audition  or  equilibrium;  and  movoments  in  two  or 
threo  dimensions. 

The  instruments  employed  and  tho  functions  measured  woro  as  follows: 


Instrument 


Functions 


Univorsal  Photo-  Control  of  body  sway  (static  equilibrium),  stand- 

alec  trie  Ataxiametor  ing  or  sitting,  with  or  without  visual  cuos,  for¬ 

ward-back  vs  right-loft  movements. 


Am-hand  Control  of  arm-hand  stationary  position,  horizon- 

Ataxiamoter  tal  and  vortical  movements. 


Photoelectric 
Targot  Register 

Straight  Tracing 
Curved  Tracing 
Rode  and  Rings  (3) 

Stylus  Thrust 
Miniature  Airplane 


Tridimensional 
Balancing  Chair 


Arm-hand  precision  in  aiming  a  boon  of  light  at 
a  stationary  targot. 

Precision  in  moving  a  stylus  through  a  gradually 
narrowing  straight  path,  toward  the  body. 

Precision  In  moving  a  stylus  over  a  curved  path 
from  right  to  loft. 

Precision  in  moving  a  metal  ring  over  3  types  of 
rods  (straight,  sino  curvo,  and  tridimensional 
curve . ) 

Precision  in  thrusting  a  stylus  through  progress¬ 
ively  smaller  uctal  holos  at  a  fixod  rate. 

Correcting  tridimensional  movements  (turn,  bank, 
climb)  of  a  miniaturo  airplano  so  as  to  maintain 
a  straight,  lovol  position.  (Obsorver  stationary). 

Similar  to  Miniaturo  Airplano  Toot  except  obsorv- 
or  controls  turn,  bank,  and  climb  movements  while 
in  a  moving  cockpit  choir. 
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Tho  two  studios  on  this  project  report  corrolatione  from  throo  groups 
of  psychology  students  (M  •  39;  100;  and  106  rospoctivoly)  factorially  anal¬ 
yzed  Ly  ooporato  groups  with  quito  consistont  identification  of  sovon  group 
factors  underlying  procision  of  motor  performances:  Those  factors  ore  iden¬ 
tified  oe  follows: 

1.  Control  of  body  swoy,  standing  position,  eyes  open  or  closed,  front- 
back  end  right-loft  directions. 

2.  Control  of  body  swoy,  sitting  position  oyoe  opon  or  closed,  especi¬ 
ally  front-back  movements. 

3.  Control  of  arm-hand  stationary  steadiness  and  aiming,  horizontal 
and  vertical  movements. 

4.  Precision  of  arm-hand  movements  at  slow  or  medium  spood  in  a 
restricted  plane,  e.g.,  stylus  thrusting  at  a  target,  or  tracing 
straight  or  curved  paths. 

5.  Procision  in  control  of  a  ring  movod  along  the  two  or  more  dimen¬ 
sions  of  a  curved  rod. 

6.  Precision  in  coordination  of  both  hands  and  right  foot  in  control¬ 
ling  tridimensional  movements  of  a  miniature  airplane  with  visual 
aids. 

7.  Procision  of  both  hands  and  right  foot  in  controlling,  especially 
bunk  and  climb  movononto  of  a  balancing  chair  cockpit  with  visual 
or  auditory  localization  cues. 


Tho  instruments  wore  so  dcslgnod  that  the  tests  having  tho  highest  load¬ 
ing  on  factors  1  to  6  could  lator  bo  combined  into  a  portablo  battory  of  six 
tests  for  uso  in  military  projects  on  ships,  planes,  shoro  stations,  or  lab¬ 
oratories.  Circuits  from  tho  balancing  chair  havo  boon  modified  to  permit 
their  use  as  auxiliary  equipment  on  a  standard  Link  Trainer  so  that  tnoy  can 
bo  used  to  provido  standardized  tosts  of  dynamic  equilibrium  as  well  as 
their  normal  usos  as  training  devices. 

Suggestions  for  further  rosoarch  outline  the  following  possiblo  uses  of 
the  instruments: 

1.  Selection  of  operators  for  training  in  tho  operation  of  camplox 
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tools,  weapons  or  nachinuo  calling  for  procioion,  steadiness  or 
equilibrium.  This  tottery  should  supplement  poychcnotor  measures  of 
spool  and  procision  ut  high  a  pool  such  qs  thooc  enployod  by  the 
A.A.F.,  in  solecticn  of  air  crew  members.  Selection  of  industrial 
porsonnol  for  coaplox  manual  skills  should  also  bo  investigated. 

2.  Employment  of  theoo  teats  as  ono  set  of  criteria  in  determining 
the  offocts  upon  human  working  officioncy  of  factors  such  as 
oxtromoo  of  tonporatuvo,  humidity,  uir  conditioning,  motivation, 
fatigue,  ago#  drugs,  and  similar  factors. 

3.  Varying  the  prosont  toste  for  more  detailod  analysis  of  tho  effects 
of  changing  sense  modalities  and  stimulus  pattorns;  musculo turos 
onployod;  and  pattorns  of  action  or  work  methods. 
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FACTORIAL  ANALYSES  OF  PRECISION,  STEADINESS  AND  EQUILIBRIUM 

IN  FINE  MOTOR  SKILLS* 


Robert  E.  Seashore  and  Frank  J.  Dudek 
Northwestern  University 

Psychomotor  skills  or  sensorimotor  coordinations  may  he  classified  with 
respect  to  their  emphasis  on  three  aspects,  speed,  strength,  and  precision* 
The  analyses  of  motor  skills  emphasizing  speed  and  precision  at  high  speed 

are  now  quite  numerous?'  9  and  Vere  of  groat  importance  in  the  Army  Air 
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Force  Air  Crew  Selection  Program.'  Measures  emphasizing  strength  are 
usually  gross  motor  performances  such  as  athletic  skills  and  have  been 
studied  very  extensively  by  KrCloy^  and  other  specialists  in  physical  educa¬ 
tion.  Measures  emphasizing  precision  such  as  those  of  tremor ,  arm  or  body 
sway,  equilibrium  and  accuracy  in  alow-speed  movements  have  received  far 
less  attention  than  skills  emphasizing  either  speed  or  strength,  but  are 
summarized  by  Seashore  and  Adams^  and  Seashore,  Dudek  and  Holtzman^0 


♦This  is  the  final  report  undor  ONR  Contract  158-Task  Order  II  (NR  151  132)* 
The  opinions  expressed  are  those  of  the  writers  and  not  necessarily  those 
of  the  Offico  of  Naval  Rose-arch. 

Preliminary  development  of  th*  toots  was  assisted  by  grants-in-aid  from 
the  Northwestern  University  Er  search  Council  and  from  President  Emeritus 
Walter  Dili  Scott.  Technical  a33ictance  in  tho  design  and  construction  of 
the  instruments  was  given  by  Messrs.  J.R.  Zveizlg,  H.  Coopmans,  M.Aotrahan, 
J.  Brubaker,  L.E.  Nelson,  Vv. .  Knowles,  and  by  our  faculty  colleagues  J.F. 
Calvert,  L.T.  Wy ley,  A. A.  Brer. we  11  and  R.W.  Jones  in  the  Northwestern 
Institute  o'  Technology.  Mr.  R.D.  Malm  of  Clayton  Mark  &  Co.  Stoel  Mfg., 
(E^’cnoton)  and  Mr.  Frod  Tuer  of  Chicago  wero  of  great  aneiatanco  in  tho 
tubular  1  true  Men  of  '-.he  tridimensional  balancing  choir.  Since 
tho  development  of  the  instruments  was  carried  on  over  u  period  of  twenty 
years  it  is  possible  to  acknowledge  only  in  a  general  way  tho  assistance 
cf  many  other  co-vorkero  on  earlier  related  projocts. 

Photographic  cuts  of  tho  instruments  used  have  bom  loaned  by  courtesy  of 
t’  Editor  of  the  Northwestern  Engineer,  from  en  article  by  J.R.  Zweizlg.3 


2 


In  order  to  determine  the  nature  and  lnterrolatlona  of  factors  In 
motor  skills  emphasizing  precision  the  writers  assembled  a  large  battery  of 
motor  tests  for  the  measurement  of  steadinoss,  equilibrium  and  precision  in 
slow  and  medium  speod  movements,  including  a  considerable  number  of  now 
Instruments  designed  to  sample  each  of  tho  principal  types  of  precision  found 
In  practical  motor  skills.  Sinco  those  tests  were  too  numerous  to  bo  admlni- 
stored  conveniently  to  a  single  group  of  subjects  for  factorial  analysis 
they  wore  divided  into  two  'retteries.  Tho  first  of  these  battorios,  con¬ 
sisting  of  seven  tests  measuring  precision  In  arm-hand  steadiness,  arm-hand 
aiming,  tracing  a  stylus  through  straight  and  curved  pathways,  and  moving  a 
ring  along  straight  and  curved  rods,  was  analyzod  factorlally  by  Seashore, 
Dudek  and  Holtzmon  os  the  first  study  In  this  project10  and  found  to  bo 
doscrlbablo  In  tonne  of  throo  factors  typified  by  (l)  arm-hand  stationary 
steadiness,  (2)  precise  movomont  In  a  single  plane  as  In  stylus  tracing, 
and  (3)  proclsc  movomont  In  two  or  moro  planes  us  In  moving  a  ring  along 
an  Irregularly  curvod  rod. 

The  present  experiment  lncludos  each  of  tho  tests  having  the  highest 
loading  on  one  of  the  above-mentioned  factors,  namely  arm-hand  stoadiness, 
straight  path  stylus  tracing,  and  throe  dimensional  rod  and  ring  manipu¬ 
lation.  In  addition,  representative  samples  of  tho  remaining  types  of 
proclso  motor  skills  wore  Included  as  follows,  (l)  control  of  body  swsy, 
eyes  open  and  eyes  closed,  In  both  sitting  and  standing  positions;  (2) 
a  tridimensional  pursuit  task,  tho  Miniature  Airplane  Tost,  emphasizing 
tho  coordination  of  modorato  spoed  movomont  s  (roughly  compare  bio  to  thoso 
of  piloting  a  plane  in  rough  air,  oxcopt  that  no  standard  typo  of  airplane 
controls  were  usod);  and  (3)  the  balancing  chuir  tridimensional  pursuit 
task  comparable  to  the  Minlaturo  Airplane  Tost  oxcopt  that  tho  observor  was 
seated  in  a  chair  which  moved  like  tho  cockpit  of  an  airplane  and  was  to 
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bo  kept  as  nearly  as  possible  on  a  level  plane  and  pointed  straight  ahead. 
This  was  done  first  with  eyes  open  and  then  vlth  eyes  closed,  substituting 
an  auditory  localization  cue  from  a  small  loudspeaker  directly  in  front  of 
the  chair. 

The  present  battery  thus  Included  measures  of  controlling  body  sway 
both  standing  and  sitting,  and  with  and  without  visual  cues;  arm-hand  steadi¬ 
ness  in  stationary  position;  arm-hand  precision  in  relatively  slow  stylus 
and  ring  manipulations;  moderate  speed  coordinations  of  both  hands  and  the 
right  foot  in  "piloting”  the  miniature  plane,  and  the  same  type  of  piloting 
performance  when  changes  in  bodily  equilibrium  were  superimposed. 

In  order  to  minimize  fatigue  and  to  fit  in  with  the  available  time 
schedules  of  student  subjects  the  tests  were  administered  over  a  period  of 
three  days  according  to  the  following  plan. 

Administration  of  the  Tests 


Session  1:  The  Universal  Ataxiameter,  the  Arm-Hand  Ataxiameter,  the  Straight 
Tracing  Test,  the  Rod-and-Ring  Test.  For  each  test  there  was  a 
practice  trial  followed  by  6  trials  which  were  recorded.  The 
measures  used  for  intorcorrelations  were  the  sum  of  the  scores 
on  these  six  trials.  The  length  of  each  trial  was: 

Universal  Ataxiameter--  15  sec . 

Arm-Hand  Ataxiameter---  15  sec . 

Straight  Tracing  Teat--  12  sec . 

Rod-and-Ring  Test------  17  sec . 


Session  2:  The  Miniature  Airplane  Test.  This  measure  consisted  of  a  prac¬ 
tice  trial  followed  by  sixteen  test  trials  (or  cycles).  This 
was  necessary  because  of  learning  apparent  in  the  initial  trials. 
Each  cycle  was  95  seconds  long.  The  scores  used  for  interrela¬ 
tions  were  the  sum  of  the  last  three  trials;  (i.e.,  cycles  lh, 

15,  and  16.) 


Session  3:  The  Balancing  Chair  Test.  The  order  of  administration  for  this 
test  was  to  have  a  practice  trial  followed  by  9  test  trials  with 
the  eyes  open.  Following  this  there  was  a  test  trial  with  the 
eyes  closed  followed  by  6  test  runs  with  the  eyes  closed.  The 
sum  of  the  last  three  trials  for  each  condition  were  the  scores 
used  for  intorcorrelations.  Each  trial  was  60  seconds  long. 
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Description  of  Instruments 

1.  Universal  Photoelectric  Ataxiameter .  This  instrument  vas  designed  by 
Seashore  to  measure  the  total  movement  of  either  the  body  or  hand  in  two 
dimensions  simultaneously.  As  shown  in  Figure  1,  when  used  to  measure  body 
sway  in  sitting  position,  the  observer  wears  a  light  hoadgear  to  which 
threads  are  attached  and  run  over  small  ball  bearing  pulleys  at*  each  end  eft 
the  horizontal  arm  of  the  Instrument  to  separate  wheels  inside  thG  central 
box.  Each  of  these  wheels  consists  of  a  thin  celluloid  disc  on  which  are 
inscribed  radial  lines  at  Intervals  of  4  degrees.  The  thread  from  the  ob¬ 
server's  head  is  coiled  around  a  pulley  on  the  shaft  of  the  wheel  so  that 
any  movement  of  the  obeervor  will  rotate  the  wheel  against  a  light  spring 
tension.  A  beam  of  light  focused  through  a  slit  in  front  of  the  wheel  is 
Interrupted  whenever  a  dark  radial  line  of  the  wheel  passes  in  front  of 
the  slit,  thus  controlling  impulses  of  light  to  a  photoelectric  ceil  which 
in  turn  controls  electrical  impulses  going  to  an  amplifier,  and  thence  to 
a  counter,  as  shown  in  the  accompanying  wiring  diagram,  (Fig.  7). 

Since  the  threads  are  all  arranged  at  right  angles,  one  of  them  regi¬ 
sters  all  forward-back  movements  while  the  other  measures  all  right-left 
movements  on  the  counters.  Tfcu  height  of  the  telescoping  vortical  stand¬ 
ard  is  adjustable  for  the  various  heights  of  either  standing  or  sitting 
observers.  Calibration  of  the  accuracy  of  the  recording  system  is  easily 
checkod  by  placing  the  ring  to  which  the  two  threads  are  attached,  on  a 
pin  inserted  on  a  small  crank  wheel  which  is  mounted  on  the  central  box 
and  which  can  bo  moved  through  3^0  degrees,  thus  providing  a  standard 
amount  of  movement  for  each  throad  to  be  chocked  against  each  counter. 

The  horizontal  arm  of  the  Universal  Ataxiameter  may  also  be  moved 
degrees  ond  the  ball  bearing  pulleys  rotated  90  degrees  so  that  the 
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upper  end  of  the  rod  registers  all  vertical  movements  of  the  hand  while  the 
lower  end  of  the  rod  measures  all  horizontal  movements  simultaneously.  These 
adjustable  features  of  the  instrument  adapt  it  for  a  variety  of  purposes  at 
practically  no  extra  cost.  The  instrument  is  also  designed  for  portability 
so  that  it  can  be  taken  to  factories  or  military  locations  such  as  ships 
and  planes.  For  use  in  the  field,  an  alternative  circuit  employing  a  6  volt 
battery  may  be  substituted  for  the  110  volt  alternating  current  source  em¬ 
ployed  in  the  laboratory.* 

The  spoked  disc  was  so  constructed  that  a  movement  of  one  centimeter 
on  a  thread  gives  25  units  on  the  counter.  For  finer  movements  a  disc  hav¬ 
ing  a  larger  number  of  spokes  could  provide  still  finer  units  of  measurement. 
2.  The  Arm-Hand  Ataxlameter  (Sway  Integrator).  For  extensive  work  in  the 
laboratory  where  it  might  not  be  convenient  to  change  the  Universal  Ataxia- 

r 

meter  from  the  body  sway  to  the  hand  sway  positions  for  each  cycle  of  tests, 
a  specialized  Instrument  designed  to  measure  only  arm-hand  movements  was 
provided.  Instead  of  using  a  thread  from  the  finger  to  the  spoked  wheel 
of  the  photoelectric  mechanism,  a  lever  mounted  on  a  universal  Joint  was 
attached  to  two  other  levers  inside  the  instrument,  one  registering  verti¬ 
cal  and  the  other  horizontal  movements.  Those  light-weight  levers  having 
spokes  on  photographic  film  at  an  angle  of  0.33  degrees  (between  spokes) 
constitute  sectors  of  a  spoked  wheel,  but  greatly  reduce  the  weight  as 
compared  to  a  full  circle.  An  amplifier  and  a  4-to-l  scaling  circuit  were 
omployed  to  operate  high  speed  electric  counters.  (See  wiring  diagram  Fig.  8 
of  Sway  Integrator.)  An  observer's  hand  movement  of  one  centimeter  pro¬ 
duced  a  registration  of  3  units  on  the  counter.  The  small  ball  and  socket 
Joint  near  the  observer's  finger  tip  prevents  him  from  steadying  himself  by 

*  This  instrument  was  constructed  by  the  Nelson  Instrument  Company  of 
Chicago  from  the  general  specifications  supplied  by  Seashore. 
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placing  pressure  on  the  finger  tab. 

3*  Photoelectric  Target  Roglstor .  Thia  instrument,  employed  but  not  fully 
described  in  our  first  study^  differs  from  the  two  atoxiametors  previously 
duscribod  in  that  it  cumulates  the  length  of  time  at  each  degree  of  orror 
from  a_  central  aiming  point  whereas  the  other  two  devices  muusure  only  dis¬ 
tance  moved.  The  basic  mechanism  shown  in  Fig.  3>  consists  of  a  light 
source  projecting  a  beam  of  light  to  a  mirror  mounted  on  the  end  of  a  light 
tubular  lever  having  a  reduction  of  2-to-l  and  mounted  in  a  universal  Joint 
so  that  it  can  move  vertically  and  horizontally.  The  beam  of  light  rofloctod 
from  the  mirror  is  approximately  the  same  size  as  an  opening  at  the  left  of 
the  instrument  which  admits  the  light  to  a  photoelectric  cell  inside  tho  box. 
As  shown  in  tho  wiring  diagram  of  Fig.  10  tho  photoolootric  coll  is  used  as  a 
resistance  unit  to  control  tho  rato  of  an  oscillating  circuit  which  varios 
from  slightly  abovo  zoro  to  ten  per  second,  depending  upon  tho  amount  of 
light  ontorlng  the  opening  in  front  of  tho  photocoil.  Calibration  of  the 
instrument  was  accomplished  by  varying  the  intensity  of  the  light  source 
(of  wiring  diagram  fig. 10). 

In  addition  to  the  universal  Joint  mounting  of  the  lover  at  tho  end 
nearest  the  instrument  a  pin  is  insortod  in  tho  end  of  the  lever  to  permit 
slight  forward  and  back  movements  and  Is  attochod  to  a  ball  and  socket  Joint 
on  the  fingor  tab  which  prevonts  tho  obaorvor  from  exerting  pressure  in  any 
direction  as  an  aid  to  steadiners.  The  length  of  tho  lover  has  also  been 
varied  in  a  study  by  Foroberg^on  the  effect  of  incroasod  difficulty  of  a 
task  in  relation  to  the  reliability  of  measurement  of  individual  differ¬ 
ences  in  tho  tost.  Tho  actual  sizes  of  tho  light  beam  and  tho  lever  wore 
originally  choaon  so  as  to  irake  tho  avorago  score  of  observers  producG  ap¬ 
proximately  half  the  maximum  rato  of  count. 
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4.  Stylua  Tracing  Tosta.  As  shown  in  Tig.  4  the  straight  path  stylus  trac¬ 
ing  tost  Is  similar  to  the  original  device  of  Whipple  in  providing  a  slightly 
V-shaped  slot  12  Inches  long,  varying  in  width  6  millimeters  at  the  finishing 
end.  Small  circular  spaces  are  provided  at  each  end  to  permit  eany  insertion 
and  withdrawal  of  the  stylus.  The  device  differs  from  the  original  Whipple 
instrument  in  four  important  respects:  (l)  the  slot  is  constructed  as  the 
top  of  a  hox  so  that  the  stylus  does  not  rest  on  the  bottom  daring  movement, 
thus  eliminating  an  aid  to  steadiness;  (2)  the  all-metal  stylus  is  not  wired 
to  the  counter  directly  but  instead  employs  a  low  magnitude  current  passing 
through  the  observer's  body  to  the  left  hand  which  grasps  another  metal 
handle  leading  to  the  6-V  60  cycle  source;  (3)  instead  of  measuring  the 
distance  moved  before  the  first  contact,  our  procedure  employed  a  circuit 
measuring  the  total  time  of  contact  d  iring  the  approximately  12  seconds  pass¬ 
age  of  the  stylus  through  the  slot.  This  was  accomplished  through  the  use 
of  60-cycle  current  which  operated  a  Potter  electronic  counter  as  a  timing 
device;  (4)  a  series  of  fivo  lights  spaced  at  intervals  along  the  slot  are 
turned  on  in  sequence  to  set  the  standard  rate  at  which  the  stylus  should 
move.  However,  this  feature  was  dovolopod  after  the  conclusion  of  the  experi¬ 
ment. 

Another  form  of  tho  tost  employed  a  curvod  pathway  having  a  width  of 
0.4  centimeter.  The  width  of  this  pathway  is  adjustable  by  means  of  screws 
in  case  it  should  bo  desirable  to  cake  tie  task  easier  for  younger  subjects. 
Although  cither  tho  straight  or  curvod  pathways  could  be  used  in  any  dimen¬ 
sion,  in  our  experiment  both  woro  used  for  horizontal  movements,  tho  straight 
path  for  movements  toward  the  body  and  tho  curvod  path  for  movements  from 


loft  to  right. 
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4.  The  Rod  and  Rina  Manipulation  Tosts.  Since  Seashore,  Buxton  and  McCollom? 
had  previously  fc  d  that  measures  of  tapping  In  one  plane  represented  on® 
factor  while  neasuros  of  tapping  In  two  pianos  represented  anothor  semi- 
independent  factor  of  speed  skills,  It  soomod  desirable  to  Investigate  the 
Importance  of  using  one,  two  or  three  dimensions  for  measurement  of  precision 
in  arm-hand  movements.  To  accomplish  this,  three  3/8"  diameter  brass  rods 
wore  employed,  one  straight,  one  having  a  vertical  slno  wave,  and  the  third 
having  curves  in  both  horizontal  and  vurtical  planes  as  well  as  movements 
from  loft  to  right.  The  task  consisted  of  manipulating  a  small  knob  on  which 
was  mountod  a  ring  ij/8"  in  diameter  so  that  it  did  not  touch  the  rod  while 
being  moved  at  a  standard  spood  from  left  to  right.  Scores  were  obtained 
from  a  Potter  electronic  countor  oporated  from  a  60-cycle,  110  volt,  AC 
source  so  as  to  provide  a  cumulative  time  measure  in  units  of  120  per  second. 

When  it  was  shown  by  Seashore,  Dudek  and  Holtzman10  that  scores  on  the 
throe  dimensions  wore  moderately  correlated  and  constituted  a  separate  fac¬ 
tor  among  steadiness  tests,  a  now  and  smallor  model  of  the  tridimensional 
test  was  designed  for  use  in  a  portable  battery  (cf.  Fig.  4).  In  this,  as 
In  the  stylus  path  tracing  test,  no  encumbering  wire  is  attachod  to  the  ring 
since  the  low  magnitude  passes  through  the  observer's  body  to  another  metal 
handle  held  in  the  left  hand. 

5.  Tho  Tridimensional  Pursuit  Test.  This  instrument  also  known  as  the  Mini¬ 
ature  Airplane  Tost  was  originally  designed  by  Seashore,  Van  Dusen  and  Brac¬ 
kett  in  order  to  combine  tho  optimal  features  of  an  ideal  tost  for  the  selec¬ 
tion  of  alrplano  pilots.  Thoso  specifications  grew  out  of  a  conference  at 
Maxwell  Field  In  Scptonber  ly4l,  at  which  John  Flanagan,  Arthur  Melton, 

Ftobort  Rock,  Lawrence  Shaffer  and  Seashore  reviewed  the  available  motor  skills 
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teats  which  were  later  incorporated  ir;  tVx  '•  AF  Pilot  Selection  Program.  The  an 
specifications  included  the  following  details:  (l)  ntinulis  cues  should  •ill 
come-  from  a  n ingle  scurco,  in.  *hin  c  ice  t.v*  rr.iniaf  re  Mr-plane,  approximately 
"■  Inchon  long,  instead  of  from  separate  row  of  lights  os  on  ti.n  Mnui.burn 
test;  (?)  scoring  should  ho  In  degrees  of  error,  that  Is,  d  r  tiun  m  ltlpllod 
hy  distance  rather  than  c.n  "oil  or  none  ",  or  "on-off"  cr iter  ion.  (  )  The 
movements  called  for  should  be  in  three  dimensions  hot  in  ''rdir  to  minimize 
either  positive  or  negative  transfer  from  proviou.  oxpeiloi.ee  with  airplanes, 
an  entirely  different  tyje  <f  controls  was  provided. 

As  shown  lr.  Fig.  5,  the  left  hand  horizontal  lever  steers  the  miniat’ire 
airplane  horizontally  hy  moons  cf  a  hall-chain  connected  to  n  pulley  on  the 
central  shaft  supporting  the  airplane.  Thi  right  hand  vertical  le-er  simil¬ 
arly  controls  honking  movements  cf  the  plane  hy  a  hall-chain  which  runs  from 
a  pulley  directly  undernoath  the  center  of  the  hollow  shaft  supporting  the 
piano.  Th^  fact  that  the  ball-chain  can  rctato  as  veil  a c  turn  in  any  direc¬ 
tion  permits  hanking  movements  of  the  wings  independently  f  and  simultan¬ 
eously  with  the  horizontal  turning  movements  and  the  ,•  leva  t  ion  or  dive-climb 
movements  on  the  head-tail  axis.  These  head-toil  movements  are  in  turn  ron- 
trolled  hy  a  pedal  operated  by  the  right  foot.  As  originally  constructed  a 
substitute  set  of  controls  employing  an  airplane  stick  a. id  rudder  and  bar 
could  be  attached  to  the  main  apparatus  to  otudy  transfer  frem  one  typo  of 
controls  to  the  other.  Evidences  for  the  validity  of  this  instrument  for  the 
selection  of  pilots  are  to  be  published  by  Von  Pus-  n.  The  origin'll  instru¬ 
ment  wu 8  also  used  in  a  study  directed  by  Ivy  and  Seashore  frr  the  measure¬ 
ment  of  the  effectiveness  of  analeptic  drugs  in  relieving  fatigue  from  pro¬ 
longed  military  operation,  and  give  significant  recults  in  this  situation. 
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The  stimulus  pattern  is  provided  by  the  standardized  cyclo  of  movements 
of  the  plane  which  are  produced  by  two  irregular  cams,  one  to  control  dive- 
climb  movements  and  the  other  to  control  both  turning  and  banking  movements, 
since  these  are  normally  coordinatod  In  flying  a  plane.  Actually,  the  manual 
controls  oporatod  by  the  observer  counteracted  the  disturbing  movements  indu¬ 
ced  by  the  cans  so  nearly  that  a  perfect  scoro  would  moon  that  as  soon  as  any 
movement  was  induced  by  the  cam  it  was  corrected  by  the  appropriate  manual  or 
foot  control.  Since  most  scores  were  in  between  random  end  perfect  and  im¬ 
proved  with  practice,  the  actual  movements  of  the  piano  soon  by  the  obsorvor 
were  never  the  same  and  hence  did  not  become  a  routine  sorios  of  responses 
which  could  be  anticipated.  The  original  cyclo  of  tho  cams  lastod  one  and 
one -half  minutes  before  ropoating  while  that  of  the  revised  model  lasts  95 
seconds . 

In  order  to  measure  the  durations  of  each  dogreo  of  error  in  controlling 
one  dimension  of  the  piano's  movement,  a  rotary  switch  plate  was  devised  as 
shown  in  Fig.  10.  Whenovor  tho  plate  was  rotated  6  degroes  tho  first  brush 
made  contact  with  tho  brass  plate  and  complotod  the  circuit  through  a  commuta¬ 
tor  which  registered  two  units  per  second.  If  tho  switch  plate  rotatod  as 
for  as  12  dogroos  from  neutral,  the  center  brush  made  contact  and  counted 
another  two  units  per  second  on  the  counter  while  if  tho  error  increased  as 
far  as  18  degrees,  the  third  brush  completed  its  circuit  to  the  commutator 
for  another  two  counts  per  second.  In  this  way  it  was  pcssiblo  to  rogistor 
four  degreoa  of  error,  0,  2,  4,  or  6  counts  per  second  for  errors  in  oither 
direction.  By  this  means,  an  integrated  time-error  scoro  was  recorded  on 
separate  counters  for  oach  of  the  three  dimensions  of  movement. 

Calibration  was  provided  by  locking  the  chains  from  tho  control  levers 
in  neutral  position  end  running  tho  cams  through  tho  complete  cyclo.  This 
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gave  Q  score  of  nwximum  orror  without  tho  nso  of  manual  controls  as  a  chuck 
to  insure  tho  proper  functioning  of  tho  entire  instrument. 

6.  Tie  Tr dimensional  Balanc  ing  Chair.  In  order  to  simulate  more  nearly  the 
complex  task  of  maintaining  level  straight  flight  in  an  airplane  daring  rough 
weather  conditions,  a  Tridimensional  Balancing  Chair  was  constructed  (cf.  Fig. 
6).  The  rotational  movements  of  this  chair,  in  three  dimensions,  corresponded 
to  turning,  hanking  find  diving  or  climbing  movements  in  an  airplane  cockpit 
hut,  of  course,  could  not  simulato  horizontal  or  vertical  movements  of  the 
plane  as  a  whole.  This  chair  was  designed  to  add  tho  factor  of  changing 
equilibrium  to  tho  task  of  three-dimensional  controls  presented  by  the  mini¬ 
ature  air  piano  test. 

Although  tho  Link  trainer  provides  n  somewhat  similar  situation,  except 
that  it  is  designed  for  training  in  blind  flying  by  the  use  of  instruments, 
this  trainer  was  not  available  to  us  during  tho  war  and  also  appeared  to  be 
a  good  deal  more  complicated  than  was  necessary  for  possible  use  as  an  apti- 
tudo  test  for  the  selection  of  candidates  for  pilot  training.  As  shown  in 
Fig.  6,  tho  chair  is  mounted  on  a  central  pedestal  which  is  offset  to  tho 
back  in  ordor  to  provide  clearance  for  movements  of  tho  foot  support.  Tho 
horizontal  support  at  tho  level  of  the  chair  arm  was  mounted  so  as  to  permit 
a  banking  movement  while  the  axi3  on  tho  choir  arms  permitted  dive-climb 
movements.  As  in  an  airplane,  all  throe  dimensions  of  movement  could  be 
changed  independently  or  simultaneously. 

Because  of  the  greater  mess  to  moved,  including  tho  observer's  own  body 
weight;  electrical  controls  (cf.  Fig.  ll)  were  substituted  for  the  mechanical 
controls  employed  on  tho  miniature  airplane  tej*-.  This  was  done  in  order  to 
minimize  tactual  and  kinesthetic  cuoo  which  would  be  provided  by  the  fool  of 
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the  control  lovers  If  mechanical  controls  wore  employed.  This  point  howevor 
is  debatable  and  it  would  be  interesting  to  compare  scores  with  mechanical 
and  uloctrical  controls.  The  type  of  control  employed  was  that  of  a  Solsyn 
motor  pair,  one  unit  on  each  manual  or  pedal  control  and  tho  other  unit  of 
the  pair  on  tho  cams  which  controlled  the  reversible  motors  to  tilt  or  turn 
the  chair.  Tho  Solsyn  operated  by  the  manual  control  could  oithor  neutral¬ 
ize  or  revorso  the  direction  of  tho  motor  which  actually  moves  the  chair.  As 
in  the  miniature  airplane  task  the  instructions  were  to  keep  tho  instrument 
level  and  pointed  straight.  Undor  blindfold  conditions,  used  to  omphasize 
the  importance  of  cues  from  the  sense  of  equilibrium,  a  pure  tone  producod 
by  an  oscillator  and  spoakor  mounted  diroctly  in  front  of  the  observor  pro¬ 
vided  horizontal  orientation. 


Results 


Tvonty-ono  variables  wero  measured  utilizing  the  instruments  previously 
described.  These  measures  were  then  intercorrclatcd  and  Poarsonian  product 
moment  r’c  were  determined.  Hie  matrix  of  intcrcorrelations  is  presented 


in  Tablo  1.  The  numbers  identifying  the  variables  are  shown  below. 


No. 


Tyne  of  Tost 
Body  Sway — 


1. 

2. 

3. 

k. 

5* 

6. 

7. 

8. 


Standing,  eyes  opon,  right-left  component 
Standing,  eyes  opon,  front-back  component 
Standing,  eyes  closed,  right-left  component 
Standing,  eyos  closed,  front-back  component 
Sitting,  eyes  open,  right-loft  component 
Sitting  eyes  open,  front-back  component 
Sitting,  oyos  closed,  right-loft  component 
Sitting,  eyes  closed,  front-back  component 


Instrument 


Universal 

Ataxiameter 


Arm-Knnd  Steadiness 


9*  Horizontal  motion  Arm-Hand 

10.  Vortical  motion  Ataxiamot or 


Slow  Movoments 


11.  Straight- tracing  Straight  Tracing  Test 


12.  Rod-.and  ring,  three  dimensional  tracing  Rod  and  Ring  Apparatus 


Complex  Motor  Coordination 


13. 

Eyes 

opon,  turn 

Ik. 

Eyes 

open,  clinb 

15. 

Eyes 

open,  bank 

Tridimensional 

1C. 

Eyes 

closed,  turn 

Ea lancing  Chair 

17. 

Eyes 

closed,  climb 

16. 

Eyos 

closed,  benk 

19- 

Turn 

20. 

Climb 

Miniature  Airplane 

21. 

Bank 

The  lntercorrelationa  in  this  matrix  are  nearly  all  positive  or  zoro. 

The  few  negative  coefficients  noted,  do  not  seem  to  differ  appreciably  from 
zero  (tho  N's  on  which  the  interccrrela tions  art  based  vary  from  103  to  106, 
college  students  in  Psychology ,  80  men  and  ?7  women).  This  matrix  of  inUr- 
ocrrelatlons  was  factorially  analyzed  utilizing  the  centroid  method  as  dus- 

p 

cribed  by  Guilford4:  Tabic  2  presents  the  contrcid  and  rotated  fector  load¬ 
ings  for  tho  various  variables ,  and  the  estimated  and  couputod  communalitios. 
Thu  communalities  ere  estimates  of  the  common  factor  variance  associated  with 
each  variablo.  Tho  fact  that  the  communalities  are,  in  goncral,  fairly  high 
tends  to  indicato  that  thosu  moosuros  can  be  considered  os  fairly  reliable 
indices.  Previous  investigations^  tend  to  support  tho  conclusion  that  these 
measures  have  no  more  than  about  20$  "error  variance",  depending  on  the  man¬ 
ner  in  which  one-  chooses  to  interpret  dogroc  of  error  involved.  Since  tho 
main  problem  of  this  study  is  not  to  demonstrate  tho  intrinsic  reliabilities 
cf  tho  various  measures,  most  of  this  having  been  done  olsevhore}^  but 
rather  to  show  the  interrelationships  and  "comnunality"  among  tho  various 
mo.surcs,  the  reliabilities  arc  not  presented  per  Sb .  However,  there  ooems 
little  doubt  that  most  of  the  measures  ore  sufficiently  consistent  indices 
from  which  to  determine  factorial  patterns  which  might  be  present  in  thoso 
data . 

Six  factors  were  extracted  from  the  matrix  before  tho  residuals  and 
factor  loadings  wore  considered  to  show  no  more  common  factor  variance.  These 
six  factors  wore  then  rotated  with  critorlu  of  simple  structure  and  positive 
manifold  in  mind.  The  rotations  wore  carried  out  maintaia<r.0  orthogonal 


axes  and  were  done  graphically  utilizing  tho  method  described  by  Zimmerman. 


Intei correlations  Among  the  21  Variables  Compiising  the  Steadiness  Battery. 
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liscuosi  jn 

Tho  rjsulta  of  this  study  tend  to  confirm,  in  general,  previous  results'1' 
which  indicated  thet  the  intcrcorrclations  among  tests  of  "steadiness"  can¬ 
not  b  explained  ode  quote Iv  by  postulating  a  ninglo  underlying  "steadiness" 
factor.  Fr on  the  matrix  cf  inters orrclat ions  resulting  for  tills  battery  cf 
measure 3  six  factors  were  extracted.  Examination  of  the  rotated  factor  load¬ 
ings  suggests  what  these  factors  are.  and  indicates  further  that  the  fictora 
arc  correlated  to  some  extent.  Before  discussing  the  rol  tionsMp3  Jiueng 
the  factors  each  will  be  considered  separately  in  terns  oi  the  variables 
associated  with  it . 

Factor  I.  The  variable's  with  the  highest  loadings  in  this  factor  are 
the  measures  of  standing  body  sway,  with  or  without  visual  cues,  (Variables 
1,  2,  3;  and  h.)  Sore  who  t  snallcr  loadings  ore  fo'md  for  the  rxasur  a  f 
sitting  tody  sway,  and  while  the  rv  a sure 3  of  sitting  body  sway  have  high 
comnunalities,  their  variance  i3  associated  with  a  separate  factor  (Factor  II) 
to  a  great  extent.  Factor  T,  then,  night  tentatively  bo  id  nt'.fied  s 
•  ssoc luted  with  control  of  standing  body  sway . 

Factor  II.  This  factor  includes  the  t.stc  cf  t  xLy  sway  while  seated, 
with  or  without  visual  cues,  (Variables  o,  7,  md  6.)  It  is  interesting 
to  note  that  the  two  variables  having  the  highest  loadings  in  this  factor 
are  the  ones  concerned  with  the  forward -backward  conponents.  The  right-luft 
components  of  sitting  body  sway  emerge  with  substantial  leadings  on  Factor  III. 
Why  only  the  right-loft  measures  should  have  their  variance'  so  divided  is 
not  immediately  apparent.  However,  then  s<  ems  no  doubt  that  Factors  I  and 
TT  arc  correlated  to  3or~  ex. cent .  Factor  II  nay  be  identified  as  control 
of  sitting  body  sway ♦ 

Factor  III.  This  factor  has  its  mijor  loadings  in  the  horizontal  and 
vortical  measures  of  arm-hand  steadiness,  (Variables  9  and  10.)  Those  vari- 


ables  wtro  included  in  the  present  battery  because  they  Seemed  to  identify 
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moot  cleGrly  a  factor  of  Involuntary  moveixnts  in  a  previous  battery.  That 
they  ere  relatively  "pure"  measures  would  tend  to  be  confirned  here  since  thv 
1-rgw  proportion  of  their  variance  is  accounted  for  by  this  factor.  None  of 
the  other  tests  in  the  current  battery  have  any  but  incidental  loadings  in 
this  factor.  Factor  III  nny  be  identified  with  cent  ~ol  of  Involuntary  move¬ 
ments  of  the  jrn  and  hand .  This  measure  is  probably  the  type  of  thing  moot 
commonly  associated  with  the  tern  "steadiness". 

Factor  IV.  This  factor  is  not  well  defined  in  the  present  battery,  the 
only  major  projection  being  that  of  the  Straight  Tracing  To3t  (Variable  ll). 
Variables  11  and  12  were  included  in  this  battery  because  they  seemed  the 
best  measures  of  two  factors  found  in  the  previeus  analysis,  precision  in  one 
plane  of  slow  movement,  or  several  planes,  respectively .  In  the  previous 
study  these  variables  seamed  associated  with  steadiness  during  movement. 
Variable  12,  as  it  turns  out  here,  shows  very  little  commun-lity  in  this  bat¬ 
tery  and  one  night  infer  that  the  spatial  component  it  was  hypothesized  to 
measure  dots  not  appear  in  this  present  battery  to  any  groat  extent.  The 
feet  that  what  small  common  factor  variance  it  does  hove  in  this  battery  is 
associated  vi+h  tests  that  huvo  some  spatial  olc>Exnt3  suggests  that  it  is 
still  measuring  this  factor,  however.  The  minor  loadings  of  variables  2  and 
h  in  this  factor  do  not  3ocm  very  meaningful  and  the  significance,  if  any,  of 
this  fact  is  not  immediately  apparent.  This  factor  my  be  considered  as 
steadiness  during  novoment,  as  in  the  previous  analysis,  largely  because  of 
the  significant  loading  of  variable  11,  and  the  previously  isolated  factor 
af  precision  in  multi -plan,  movement  is  shown  to  be  largely  independent  of 
the  newer  factors  isolated  in  this  study. 

Factor  V.  Factor  V  has  high  loadings  in  the  measures  associated  with 
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the  Balancing  Chair  (Variables  lk,  15,  17,  and  16).  It  Is  significant,  how- 
over,  that  variables  13  and  l6  (i  rpres<.  r.t_r.  -  orrors  made  in  "Turn"  i.e., 
Kfep^rg  th  c  '.air  pointing  in  tho  name  hrv’7  "jtol  direction)  do  not  have  any 
a,.nr(c  J  '  i  '  •  lirgj  on  C'is  factor.  It  also  3«ems  significant  that  men cures 
from  the  Miniature  Airplane  Test,  comrarai  le  to  these  on  thu  chair,  do  not 
he vo  3'j;  ■  r  U’,  !e  leadings  on  thi3  factor,  hut.  coun  out  as  a  separate  factor 
(Factor  ,T  .  It  is  with  the  measures  detenu  .  c  from  th©  Miniature  Airplane 
Test  t.  it  variables  13  and  16  are  associated.  A  reascnalle  hypothesis  would 
seem  to  be  that  thin  factor  V  is  one  which  dupond3  upon  the  static  senses, 
l.«.,  equl librium  as  the  key  to  responses  rather  than  visual  cues  as  the  key. 
Thus,  the  cp 'ration  of  the  airplane  was  dependent  upon  primarily  visual  cues; 
whereas  in  the  Balancing  Chair  Test  the  individual  himself  moved  in  space 
and  the  cues  as  to  the  proper  operations  to  perform  in  order  to  maintain  the 
chair  in  a  level  position  ware  primarily  3tutic,  rather  than  visual.  This 
interpretation  is  given  additional  weight  when  it  is  noted  that  the  variables 
which  Involve  no  visual  cues  (17  and  IS)  alco  have  most  of  their  variance 
accounted  for  by  this  factor.  For  this  reason  it  seems  reasonable  tc 
identify  this  factor  as  one  associated  with  equilibrium  and  the  static  oenses. 

Factor  VI.  This  factor  las  highest  loadings  on  the  variables  dorlved 
from  the  Miniature  Airplane  Test.  It  will  be  recalled  that  in  this  test  the 
subject  had  to  maintain  on  airplane  in  levol  "flight"  by  making  proper  adjust¬ 
ments  of  three  controls.  As  suggested  a 1  ovu ,  a  reasonable  explanation  with 
regard  to  this  test  la  that  it  is  primarily  visuil  in  nature  so  far  as  tho 
spatial  element  is  concerned.  The  fact  that  nrinblc  13  has  its  highest 
loading  in  thi3  factor  would  tend  to  confirm  this  hypothesis. 

As  stated  above,  the  structure  of  the  rotated  factor  loadings  matrix 
suggests  some  correlation  among  the  various  factors.  These  intercorrelations 
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c- <□  n  be  OHtimnted  from  graphic  rl  ds  of  the  factor  loadings  by  determining 
the  cosine  of  the  angle  between  the  \ectoro  representing  the  factors.  This 
was  done  for  the  factorial  matrix  of  these  data  and  the  estimates  of  th« 
correlations  among  factors  are  shown  in  Table  3. 


TABLE  3. 

Estimates  of  the  inters  orre-o-t  ions  among 
factors  determined  from  cosines  of  angles 
between  vectors  representing  factors. 


1 

2 

3 

4 

5 

6 

1. 


c. .  •  bG 

3.  Al  .% 

4.  .21  -.09  .93 

.19  ao  -.09  .27 

6.  -.22  .09  .09  -.33  Ab 


While  this  matrix  suggest  appreciable  Ir.tercorrelatl one  among  Swrae  ol’ 
the  factors  there  is  still  no  suggestion  that  one  single  -underlying  factor 
would  explain  she  obtained  factor  matrix.  It  is  possible  +ha^  there  art 
fewer  than  six  factors,  and  present  indications  suggest  that  there  ore  at 
least  three  underlying  factors  which  would  appear  to  be  relatively  independ 
ent .  The  first  of  these  underlying  broader  grou;  fact  is  is  n luted  to 
the  body  sway  measures;  another  is  one  assoc i  ted  w.th  the  arm-hand  steadi¬ 
ness  and  tracing  tests,  and  finally  a  third  factor  might  underly  the  three- 
dimensional  tests  (Balancing  Chair  and  Airplane).  A  knowledge  of  both  the 
narrower  group  factors  and  the  broader  underlying  festers  should  be  of  con¬ 
siderable  assistance  in  Selecting  tosts  moot  promising  for  further  inve3ti- 
ga  1 1 on . 


£ 
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Sug£(. 3t! one  for  Further  Research 

From  experience  with  previous  factorial  anilyses  of  toots  emphasizing 
ep^d  or  strength  factors  it  Is  fairly  certain  that  Several  subsequent  steps, 
such  03  the  following,  ar^  likely  to  bo  significant  for  the  advancement  of 
both  pare  and  applied  science  in  the  area  of  psychomotor  precision: 

1.  Redesigning  each  tost  having  the  highest  loading  on  each  of  six 
factors  isolated  in  this  study  so  as  to  provide  a  port  .bio  unit  of 
psychomotor  precision  testa  for  oxpurimi  nts  in  other  l.boratories  and 

in  military  ship,  air  and  shore  locations.  Since  the  tests  were  origin¬ 
ally  designed  with  portability  as  an  eventual  goal,  the  r.oconsary  modi¬ 
fications  would  be  primarily  for  the  purpose  of  reducing  size  and  weignt, 
and  insuring  oaoo  of  calibration  and  maintenance  outoiao  of  laboratories; 

2.  The  Selsyn  circuits  developed  for  the  throe  dintr.j: cas  of  movement  on 
the  tridimensional  Balancing  Chcir  have  now  beer,  adapted  for  ubo  Q3 
auxiliary  equipment  on  a  standard  Link  Trn.r  :  .  This  would  provide  a 
standardized  stimulus  pattern  of  movements  together  *ith  automatic  scoi  - 
lng  in  using  the  Link  Trainer  as  a  selection  device  as  well  as  in  its 
present  function  as  a  trainer.  It  is  the  intention  of  the  project 
director  to  apply  for  a  follow-up  project  n  both  ‘lie  ]  ortable  battery 
and  the  auxiliary  Link  Trainer  developments  in  the  relatively  near 
future ; 

3.  Testing  such  a  battery  of  psychomotor  precision  tests  for  possible 
use,  in  tho  selection  of  military  and  lrdur trial  tr  intos  for  the  opera¬ 
tion  of  complex  tools,  machines,  and  weapons  calling  primarily  for  pre¬ 
cision  in  slow  to  medium  speed  coordinations  rather  than  for  high  spued 


or  strength; 


4.  Toste  for  a  number  of  tho  principal  factors  of  mechanical  abilitioa 
iaclatcd  by  L.L.  Tharstone  have  kindly  been  supplied  by  him  in  order 

to  determine  their  interrelations  witi  oar  ovn  battery.  Funds  for  this 
supplementary  experimental  work  were  oupplied  undor  a  grant  from  the 
J.  McKoon  Cattell  Fund  of  tho  Psychological  Corporation.  The  experi¬ 
mental  and  preliminary  statistical  work  on  50  additional  subjects  ha 
now  teen  completed  and  are  being  factorially  analyzed  by  the  writers. 

5.  Uoing  -  battery  such  ao  our  portable  psychonotor  tests  as  one  set 
of  criteria, for  measuring  the  effect  on  human  efficiency,  of  various 
environmental  and  physiological  variables  such  as  chnng^o  in  tomporature, 
humidity,  pre33ure,  air  conditioning,  drugs,  age,  motivation,  fatlgu. , 

.nd  many  similar  factors.  Such  uses  of  tho  toots  are  independent  of 
their  usefulness  ao  selection  devices  and  h -ve  been  shown  to  be  sig¬ 
nificant  with  other  poychomotor  te3ts; 

6.  Devising  batteries  of  sub-tests  differing  from  each  of  tho  present 
factor  t w □  1 3  as  to  sense  modality  or  cues  employed,  musculatures  in¬ 
volved,  and  work  methods  or  pottorns  of  action  called  for,  as  has  boon 

7 

done  by  Seashore,  on  opood  skills.  Such  further  analysis  would  permit 
still  more  accurate  identification  of  the  nature  and  significance  of 
those  variables  underlying  each  present  factor,  both  os  to  individual 
differences  at  the  sane  3tagc  of  learning,  and  tho  changes  within  an 
individual  at  successive  stages  of  learning; 

7.  The  training  of  enginoers  and  psychologists  in  design  and  construc¬ 
tion  of  psychological  instruments  could  itself  be  made  a  project  of 
gr^at  importance  to  both  the  scionco  of  psychology  and  our  military 
forces.  It  would  bo  readily  possible  to  Set  up  a  training  courso  and 
procticun  facilities  to  train  specialists  in  instrumentation  00  as  to 
remove  one  of  tho  major  "bottlenecks”  which  existed  all  through  World 
War  II  and  still  exists  at  the  present  time. 
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